Directed release of human immunodeficiency virus type 1 (HIV-1) into the cleft of the virological synapse that can form between infected and uninfected T cells, for example, in lymph nodes, is thought to contribute to the systemic spread of this virus. In contrast, influenza virus, which causes local infections, is shed into the airways of the respiratory tract from free surfaces of epithelial cells. We now demonstrate that such differential release of HIV-1 and influenza virus is paralleled, at the subcellular level, by viral assembly at different microsegments of the plasma membrane of HeLa cells. HIV-1, but not influenza virus, buds through microdomains containing the tetraspanins CD9 and CD63. Consequently, the anti-CD9 antibody K41, which redistributes its antigen and also other tetraspanins to cell-cell adhesion sites, interferes with HIV-1 but not with influenza virus release. Altogether, these data strongly suggest that the bimodal egress of these two pathogenic viruses, like their entry into target cells, is guided by specific sets of host cell proteins.
The surfaces of cells, even of those with no manifest polarization, can be transiently partitioned into discrete domains for the execution of specific functions. This principle was elegantly demonstrated some 20 years ago in a study that investigated the directionality of virus budding (46) . It was shown that influenza virus, an enveloped virus that buds from the apical side of polarized epithelial cells, is released from free surfaces of such cells before they form polarized monolayers. In contrast, vesicular stomatitis virus, which buds at the basolateral side of a cell monolayer, was found to be released at cell-cell contact sites within aggregates composed of only a few, nonpolarized cells. Release from either surface likely secures efficient spread of these viruses. It was presumed that cytoskeletal changes, together with a redistribution of membrane proteins involved in organizing activities at either free cell surfaces or at the adhesion sites, were responsible for the functional separation of the two plasma membrane areas, but the molecular details were not investigated at the time.
Dissemination of human immunodeficiency virus type 1 (HIV-1) in infected individuals is thought to be driven both by virions released into the cleft of the so-called virological synapse (22) and by infection of cells with cell-free virus (for a review, see reference 43). However, in vitro replication studies clearly show that this virus, like vesicular stomatitis virus, is released preferentially at the basolateral side of epithelial cells and evolved to be transmitted most efficiently at cell-cell interfaces (9, 48) , for instance, when replicating in lymphocytes (for reviews, see references 21 and 40) . One group of membrane proteins that has been implicated in organizing cell surfaces, particularly at sites of cell-cell contact, includes the socalled tetraspanins (recently reviewed in references 18, 25, and 50) . It is thought that the propensity of these small proteins to self-aggregate and to associate with other transmembrane proteins allows them to build temporary scaffolds for activities such as antigen presentation. Recently, we demonstrated that tetraspanins, including CD9 and CD63, coaccumulate at the plasma membrane, thus forming tetraspanin-enriched microdomains (TEMs) (35) . Our report also described that newly produced components of HIV-1 colocalize with surface TEMs in epithelial cells and in T lymphocytes. Together with other recent reports which showed budding of HIV-1 through tetraspanin-rich membrane segments in T cells, macrophages, and dendritic cells (2, 7, 23, 53) , our data suggested that tetraspanins are constituents of a universal HIV-1 exit gateway.
Here we provide further evidence in support of this hypothesis. Incubation of HIV-1-producing cells with the anti-CD9 antibody K41 leads to extensive aggregation of tetraspanins at cell-cell contact sites. This process, which is accompanied by clustering of viral components at the same sites, results in inhibition of HIV-1 release. Additionally, the infectivity of virus released from K41-treated cells is diminished. In contrast, egress of influenza virus is not inhibited by K41. Evidently, influenza virus, whose spread in infected individuals does not depend on transmission at the cell-cell interface, exits through microdomains that are clearly distinct from surface TEMs through which HIV-1 buds. Immunofluorescence microscopy. HeLa cells were plated in 35-mm glassbottom culture dishes (MatTek, Ashland, MA). Transfection and staining were performed directly in these dishes. Cells treated or not with K41 or immunoglobulin G (IgG) antibodies for 4 h, precooled on ice, washed with cold phosphate-buffered saline (PBS), and incubated for 1 h at 4°C with anti-CD9 in complete medium supplemented with 1% Ca 2ϩ . The cells were washed twice with cold PBS and fixed with 3.7% paraformaldehyde prior to secondary staining with Alexa Fluor 594-conjugated anti-mouse antibody. In the cases of CD63, CD81, or CD82 dual labeling with CD9, the former were coupled to Alexa Fluor 488 fluorophore using the Zenon technology (Molecular Probes) and incubated with the cells on ice after the CD9 staining was completed. After washes with PBS, cells were fixed with 3.7% paraformaldehyde.
HeLa cells expressing pNL4-3, pGag-opt, or pSRalphaEnv or influenza virus were treated or not with 1.5 g/ml K41 or IgG antibodies overnight, precooled on ice, washed with cold PBS, and incubated for 1 h at 4°C with anti-CD9 and anti-Env/anti-Ud (where applicable) in complete medium supplemented with 1% Ca 2ϩ . After washes with PBS, cells were fixed with 3.7% paraformaldehyde and, following a blocking step with bovine serum albumin (BSA), were incubated with appropriate secondary antibodies. To stain for Gag, cells were then permeabilized using Triton X-100, blocked with BSA, and incubated with an anti-p6 antibody for 1 h followed by appropriate secondary antibodies. For TSG101 recruitment, cells cotransfected with yellow fluorescent protein (YFP)-TSG101 and Gagopt cyan fluorescent protein (CFP) were treated with K41 for 4 h followed by staining for surface CD9 as above. K41-pretreated cells were stained only with secondary antibody for visualization of its antigen.
The slides were examined on a Delta Vision workstation (DV base 3/3.5 Nikon Eclipse TE200 epifluorescence microscope fitted with an automated stage; Applied Precision Inc., Issaquah, WA), and images were captured in z-series with a charge-coupled-device digital camera (CH350E or CoolSnap HQ). Out-of-focus light was digitally reassigned using Softworx deconvolution software (Applied Precision Inc.). Images were processed using Adobe Photoshop.
Incorporation of tetraspanins into virions. HeLa cells were transfected with equal amounts of pNLC4-3 and pNLC4-3 bearing a green fluorescent protein (GFP) fused to Gag MA (33) (kind gift of B. Muller and H.-G. Krausslich), thus producing GFP-labeled virions, or infected with influenza virus. After 24 h, supernatant was collected and either incubated directly on poly-L-lysine-coated coverslips or virions were pelleted through a 20% sucrose cushion, resuspended in PBS, and then adhered to poly-L-lysine-coated coverslips. Virions were then fixed with 4% paraformaldehyde, stained with appropriate antibodies, and visualized by fluorescence microscopy. To calculate the percentages of virions bearing CD63 and CD9, the images were analyzed with Volocity software (Improvision) as follows. The total number of objects for each channel was found using the classifier module set to 2 standard deviations above the mean channel intensity. The total number of objects colocalizing between the two channels was determined using the colocalization module. This number was divided by the total number of objects for the virion channel, resulting in the percent virions bearing the marker analyzed. Five images were analyzed for each condition, resulting in a total of approximately 1,000 virions analyzed per condition.
Release inhibition studies. HeLa cells cultured in 35-mm dishes, 18 h posttransfection with pNL4-3 DNA, were labeled with 50 Ci/ml of Easy Tag Express [ 35 S]methionine-cysteine protein labeling mix (NEN) in the presence of 1.5 g/ml of K41, anti-CD63, anti-CD81, anti-CD82, or IgG isotype control antibody added in the culture medium. Harvesting was done at 16 h posttreatment. Supernatants were centrifuged at 4,000 rpm for 10 min followed by centrifugation at 16,000 ϫ g for 90 min through a 20% sucrose cushion. The viral pellet was resuspended in radioimmunoprecipitation buffer. Cells were lysed in radioimmunoprecipitation buffer for 10 min, and lysates were centrifuged at 14,000 rpm for 10 min. Lysates were immunoprecipitated with an anti-p24 (capsid) antibody. Proteins were resolved by sodium dodecyl sulfate (SDS)-polyacrylamide gel electrophoresis, transferred to a nitrocellulose membrane, and analyzed by PhosphorImager (Bio-Rad) using Quantity One software. For the dose-response experiments, cells were treated with increasing amounts of K41 and harvesting was done 8 h posttreatment. IgG was used at the highest equivalent concentration of K41, i.e., 6 g/ml. For the time curve, 1.5 g/ml K41 was used, and harvesting was done 4, 8, 12 , and 24 h later. For CrFK cells, FIV-PPR or pNL4-3 DNA was used to transfect the cells. At 18 h posttransfection, cells were treated or not with 1.5 g/ml of K41 for 16 h and harvested as above, and proteins were visualized by Western blot analysis.
Effect of cell density on release inhibition. HeLa cells cultured in 100-mm dishes were transfected with pNL4-3 and then split into 35-mm dishes after 24 h, at low and high cell density (50,000 and 400,000 cells per dish, respectively). The cells were then treated or not with K41 (1.5 g/ml) and harvested 8 h later, as described above. The samples were analyzed by Western blotting, using anti-CA MAb 183.
Release from Jurkat cells. E6.1 Jurkat cells electroporated with pNL4-3 DNA were used on day 8, when the cells were 70 to 80% Gag positive. Two million cells were washed and resuspended in 1 ml of fresh medium with or without 6 g/ml K41 and harvested 16 h later as described above. The samples were analyzed by Western blotting, using anti-CA MAb 183.
Release of influenza virus. Influenza virus release assay was performed essentially as described elsewhere (5). Briefly, HeLa or 293T cells were infected at a multiplicity of infection of 2, treated or not with 1.5 g/ml K41, and incubated for 16 h. For Western blot analysis, the supernatant was collected, pelleted through a sucrose cushion, resuspended, and further fractionated on a sucrose gradient, then pelleted again, resuspended in lysis/loading buffer, and run on an SDS gel. To determine the cellular fraction, the cells were also lysed and run on an SDS gel. The proteins were transferred to a nitrocellulose membrane, incubated with polyclonal anti-Ud goat serum (kind gift of R. Lamb), then anti-goat-horseradish peroxidase, and then detected on film by chemiluminescence. The film was scanned, and the relative amounts of proteins were determined using ImageJ software (NIH).
Electron microscopy analysis. HeLa cells cotransfected with Gag and Env plasmids were incubated with 3 g of K41 or IgG isotype control antibodies in the culture medium for 12 h at 37°C. Cells preincubated with K41 antibodies were then washed in cold PBS-1% BSA and directly labeled with secondary 10-nm gold-conjugated antibodies (British Biocell Intl., Cardiff, United Kingdom) for 90 min at 4°C. Cells incubated with IgG isotype control antibodies were first incubated 2 h at 4°C with K41 antibodies in cold PBS-1% BSA, washed, and then labeled with secondary 10-nm gold-conjugated antibodies for 90 min at 4°C. Immunogold-labeled cells were then fixed, dehydrated, and processed for electron microscopy as described previously (11) . Localization of CD9-associated gold particles and Gag-containing virus-like particles (VLPs) was then quantitatively analyzed on cells considered well preserved by using a Technai 20 electron microscope (FEI Company, Eindhoven, The Netherlands).
RESULTS
Assembly and release of HIV-1 and influenza virus take place at separate microdomains. Previously, we demonstrated that the HIV-1 components Gag and envelope glycoprotein (Env) colocalize with CD9 and CD63 at the plasma membrane (35), while influenza virus hemagglutinin (HA), if expressed independently of the other viral components, did not show significant colocalization with these tetraspanins. Data shown in Fig. 1 now establish that HA does not accumulate at CD9-or CD63-containing surface TEMs, even if it is expressed in the context of the entire influenza virus, suggesting that this virus does not exit at these microdomains. To corroborate that HIV-1 and influenza virus assemble at different microdomains, even if generated simultaneously within the same cell, HeLa cells were infected with influenza virus and transfected with a HIV-1 Gag-GFP expression vector, thus producing both influenza virus particles and HIV-1 VLPs, and the putative viral egress sites were analyzed by fluorescence microscopy. Figure  2 documents that there was virtually no overlap between HIV-1 Gag and influenza virus HA, strongly suggesting that the two viruses exit through different plasma membrane microsegments. Confirmation for this assumption comes from the quantitative analysis of host cell protein acquisition by either of the two viruses ( Fig. 3) : while most HIV-1 particles incorporate the tetraspanins CD9 and CD63, these proteins are clearly absent from most influenza virus envelopes.
Inhibition of HIV-1 egress but not influenza virus release by an antitetraspanin antibody. To test if TEMs do indeed function as gates through which HIV-1 exits from infected cells, we
sought to analyze if interference with tetraspanin function affects virus egress. Cells expressing HIV-1 were treated with antibodies against the tetraspanins CD9, CD63, CD81, and CD82. As documented in Fig. 4A , incubation of HeLa cells with the anti-CD9 antibody K41 led to a significant reduction of particle release while not affecting Gag protein production. Neither the isotype control antibody nor any of the antibodies against the other tetraspanins, even when used at higher con- centrations (data not shown), inhibited HIV-1 egress. Release inhibition for K41 was dose and time dependent, reaching its maximum effect around 8 h after the initiation of treatment ( Fig. 4B and C) . Further, utilizing a single-round infectivity assay (24), we found that HIV-1 virions shed from K41-treated HeLa cells were only half as infectious as virions released from untreated cells (data not shown). Overall, infectious virus output from cells incubated with K41 was thus reduced by approximately 1 log.
Interestingly, anti-CD9 antibodies have previously been shown to negatively affect the propagation of other viruses. Vpg15, an anti-feline CD9 antibody, severely inhibited release of feline immunodeficiency virus (FIV) from chronically infected feline cells (8) , and K41, which cross-reacts with CD9 from various species, inhibited release of and cell-cell fusion induced by canine distemper virus (26; reviewed in reference 27). Indeed, before embarking on the analysis of how K41 affects release of HIV-1 from human cells, we tested its potential (and also the potential of Vpg15) to inhibit FIV and HIV-1 release from CrFK cells transiently producing these viruses. Both antibodies were found to inhibit particle release of these two retroviruses (data not shown). We therefore asked if K41 indiscriminately prohibits the egress of enveloped viruses. Figure 4D demonstrates that this is not the case. Influenza virus release remained unaltered if infected HeLa cells (or infected 293T cells [data not shown]) were incubated with K41, in line with the finding presented in Fig. 1 that the tetraspanin CD9 is almost entirely absent from plasma membrane segments through which influenza virus exits.
Incubation of cells with the anti-CD9 antibody K41 leads to tetraspanin clustering. As a first step towards analyzing how K41 treatment inhibits HIV-1 release, we sought to visualize if this antibody alters the surface distribution of CD9. Figure 5A shows that this antigen was reorganized into large peripheral clusters in cells incubated with K41 (lower panels), while CD9-containing surface TEMs remained evenly distributed in untreated cells (upper panels) or in cells incubated with the isotype control antibody (data not shown). In contrast, when cells were treated with any of the anti-CD63, anti-CD81, or anti-CD82 antibodies that leave HIV-1 release unaffected (Fig.  4A) , the surface distribution of their respective antigens remained unaltered (data not shown). Movies S1A and B in the supplemental material show three-dimensional renderings of cells left untreated (supplemental movie S1A) or incubated with K41 (supplemental movie S1B), visualizing that K41-induced CD9 clustering occurred primarily at cell-cell interfaces. Notably, incubation of cells with Vpg15, which also inhibits HIV-1 release (as mentioned above), also led to tetraspanin clustering, while with the treatment with an anti-CD9 antibody different from K41 (H110), which does not inhibit HIV-1 release, no redistribution of the antigen was apparent. If H110 was cross-linked with an appropriate secondary antibody, CD9 formed mid-sized clusters. Such CD9 cross-linking, however, unlike K41-induced clustering, was not limited to cell-cell adhesion sites but took place all over the cell surface (Fig. 5B ) and was not associated with release inhibition (data not shown). The differential outcomes of incubations with the antibodies K41, Vpg15, and H110 are possibly due to differential interferences of these antibodies with the interaction of CD9 and cellular partner proteins, but testing of that hypothesis will have to await the outcome of the mapping of the epitopes for these different antibodies.
Since we previously documented that substantial fractions of CD63, CD81, and CD82 colocalize with CD9 in surface TEMs, FIG. 4 . The anti-CD9 antibody K41 inhibits the release of HIV-1 but not of influenza virus. HeLa cells expressing HIV-1 were radiolabeled and treated or not with 1.5 g/ml of anti-CD63, anti-CD81, anti-CD82, anti-CD9 K41, or isotype control antibody (A), with different concentrations of K41 or isotype control antibody used at 6 mg/ml (B), or were treated for different time periods using 1.5 g/ml of K41 or isotype control antibody (C). Viral harvest and quantification were done as described in Materials and Methods. Error bars represent standard deviations (n ϭ we examined if the distribution of these tetraspanins was affected by K41 treatment. Figure 5C reveals that these other tetraspanins also underwent clustering at sites of cell-cell contact and, thus, that K41 affects the overall organization of surface TEMs. Together, these data suggest, firstly, that K41-induced CD9 clustering is not due to antibody-mediated cross-linking of the tetraspanin and, secondly, that the retargeting of CD9 and other tetraspanins to the cell-cell interface is necessary for the antiviral activity of this antibody.
K41 treatment of cells results in the clustering of HIV-1 but not influenza virus components. As suggested, for example, by the data shown in Fig. 3 , CD9-containing TEMs serve as exit gateways for HIV-1. Not unexpectedly, therefore, K41-induced tetraspanin retargeting was found to also affect the distribution of HIV-1 Gag and Env. Indeed, these viral components formed massive clusters at peripheral sites of cell-cell contact in treated but not in untreated cells (Fig. 6A) . K41-induced clustering of Gag was also observed if Gag was expressed alone (i.e., without Env) (unpublished data), and release of virus-like particles from such cells was inhibited by K41 (data not shown). In contrast, if Env was expressed alone, a situation in which it displays very little colocalization with surface TEMs (35) , its distribution remained largely unaltered in K41-treated cells (data not shown). Likewise, the distribution of the influenza virus envelope glycoprotein HA, whether expressed alone (data not shown) or expressed together with the other viral components (Fig. 6B) , remained unaltered in K41-treated cells. Note, for example, that the bottom sections of cells stained for HA show no clustering of that antigen (Fig. 6B , K41-treated cells in the upper left panel), whereas the bottom sections of HIV-1 Env-stained cells documented that virtually all Env puncta have disappeared and that Env was visible only in large clusters at cell-cell contact sites (Fig. 6A, K41 -treated cells in the upper left panel). Also, the magnified images in the insets of Fig. 6B revealed that HA puncta were still clearly separate entities, even within CD9 clusters induced by the K41 treatment.
How does K41 interfere with HIV-1 release? Together, the data presented in Fig. 4 through 6 strongly suggested that K41-induced clustering of the viral antigens is responsible for reduced HIV-1 release. K41 treatment of cells did not affect steady-state levels of Gag (Fig. 4A) , and results of pulse-labeling experiments in which the rates of Gag production in treated cells were compared to those in untreated cells revealed that K41 did not affect the onset of Gag expression (data not shown). Given that it takes several hours until fullfledged K41-induced tetraspanin clustering is reached (data not shown), it is conceivable that either preexisting and/or newly synthesized viral components are (re)targeted to cell-cell contact sites. To investigate at what step K41 blocks HIV-1 release, we performed an ultrastructural analysis of cells coexpressing Gag and Env from separate plasmids (to reach high levels of expression) and thus producing HIV-1 VLPs. In both untreated (Fig. 7A ) and K41-treated (Fig. 7B) cells, viral buds studded with anti-CD9 antibodies (visualized by using 10-nm gold particles) were found surrounded by plasma membrane with little CD9. However, quantification of VLPs budding at the plasma membrane also demonstrated that while budding of VLPs still took place in K41-treated cells, the number of buds per cell was considerably reduced (by about 70%) compared to untreated cells. Consistent with the finding that the budding process per se was not blocked, the cellular ESCRT1 component TSG101, which is required for HIV-1 budding (12, 28, 51; reviewed in references 1 and 32), was found to still be recruited to the sites where tetraspanins and viral components cluster upon K41 treatment (Fig. 8) . Also, contrary to what is seen with so-called L-domain mutant Gag (for a recent review, see reference 1), which gives rise to the production of particles that remain tethered to the plasma membrane and whose processing is incomplete, we found that Gag was processed efficiently in K41-treated cells (Fig. 4 and data not shown) . However, if HIV-1 particle formation per se is not inhibited in K41-treated cells, why are fewer virions released from these cells? Perhaps the K41 treatment, by inducing the redistribution of tetraspanins and virus components from free surfaces to cell-cell contact sites, physically prevents efficient particle morphogenesis in HeLa cells. Consistent with that hypothesis, we observed that HIV-1 release was not inhibited by K41 treatment of cells if they were grown subconfluently, i.e., if contacts between cells were rare and thus no significant clustering of tetraspanins and viral components could take place (Fig. 9A) . Also, incubation of Jurkat T lymphocytes, which form only transient cell-cell contacts if grown under standard cell culture conditions, did not affect release of HIV-1 (Fig. 9B) . This does not exclude the possibility that virus transmission is affected by K41 treatment.
DISCUSSION
The tetraspanin CD63, a resident of late endosomes/lysosomes with only minor representation at the plasma membrane, was shown more than 10 years ago to be acquired by HIV-1 particles (14, 31, 37; reviewed in reference 38), but the significance of such incorporation remained unclear. More recent work by various groups suggested that CD63 may be one of several members of the tetraspanin family that contributes to the formation of HIV-1 budding platforms in diverse cell types. Here we provide further evidence in support of this hypothesis by showing that an anti-CD9 antibody (K41) which clusters tetraspanins and HIV-1 Gag and Env inhibits particle release. We also demonstrate that influenza virus, the release of which remains unaffected by K41, assembles at domains distinct from those through which HIV-1 buds. Both HIV-1 and influenza virus are known to exit through so-called lipid rafts (now called membrane rafts [42] , local clusters of sphingolipids and cholesterol) (3, 36, 49) . It was originally thought that proteins, merely by virtue of their affinity for raft lipids, would accumulate in specific membrane segments that can serve, for example, as platforms for signaling at immunological synapses (20) or during cell migration (15) . Further, it was proposed (41) that lipid rafts serve as sites at which components of diverse viruses are concentrated for subsequent particle morphogenesis. However, the fact that HIV-1 and influenza virus exit through separate sites at the plasma membrane, as made evident in this report (Fig. 1 through 3) , argues that the clustering of viral components at discrete microdomains is driven primarily by their affinities for specific cellular proteins located at those sites. Together with other recent reports, e.g., on protein sorting during T-cell signaling (10) or cell migration (13) , these data provide further support for a refined raft concept (17, 44) which proposes that specific protein-protein interactions are critical for the functional compartmentalization of membranes by stabilizing inherently unstable lipid assemblies at discrete sites. Note that the finding that HIV-1 and influenza virus exit through different plasma membrane microdomains seemingly is in conflict with recent reports showing that HA can be incorporated into HIV-1-or SIV-based vectors (6, 47) . However, in both of those studies, pseudotyping was achieved in an overexpression system (in 293T cells) where viral exit sites cover a higher percentage of the plasma membrane, thus increasing the likelihood that the HIV-1 and the influenza virus egress sites partially overlapped. Also, it should be pointed out that the titer of the HApseudotyped HIV-1 vector was shown to be considerably lower than the titers of HIV-1 vectors carrying retroviral envelope glycoproteins (6) .
It already has been established that members of the tetraspanin protein family play a role(s) during the early phase of the viral replication cycle (16, 19, 52) , though much remains to be learned about how tetraspanins contribute to the viral attachment/fusion and/or postfusion steps. In contrast, even though tetraspanins were shown to colocalize with retroviral components during egress (2, 7, 23, 29, 30, 35, 39, 45, 53) , it remained unclear if they were functionally involved in the assembly/release process. CEM T lymphocytes, for example, do not express CD9 (4), yet they support robust HIV-1 replication. Further, overexpression or small interfering RNA-mediated knock-downs of CD9 or CD63 affected HIV-1 egress only marginally (data not shown), presumably because of redundancy among different tetraspanins (18) . However, the findings that K41-induced accumulation of CD9 and other tetraspanins results in the clustering of HIV-1 components at cell-cell junctions, and that such clustering correlates with reduced virus release (Fig. 4 to 6) , strongly suggest that tetraspanins are not just bystanders in HIV-1 egress. Rather, these proteins contribute to the buildup of budding platforms for HIV-1, perhaps by providing a scaffold for viral and cellular components necessary for particle assembly and shedding.
How does K41-induced tetraspanin clustering result in reduced HIV-1 release? Are TEMs rendered nonfunctional with respect to their role in particle assembly and release? Data presented in Fig. 7 and 8 of this report demonstrate that this is not the case. Particle assembly and the recruitment of cellular elements necessary for viral budding can still take place in the presence of K41. However, accumulation of the viral components followed by particle budding appears limited to cell-cell junctions in antibody-treated cells, and such spatially restricted exit may result in reduced yield of viral particles. In agreement with this, if cells are grown at low density, the K41 effect is diminished (Fig. 9A) . Interestingly, we observed that the tetraspanin clusters induced by K41 treatment shown in this report for cells grown at high density (Fig. 5) are indeed tight microvilli zippers between adjacent cells when viewed by scanning electron microscopy (K. Singethan et al., submitted for publication). Further, HIV-1 release from T lymphocytes that express only moderate amounts of CD9 (compared to HeLa cells) and which do not form stable cell-cell junctions if grown under standard cell culture conditions, i.e., in suspension, was not inhibited by K41 (Fig. 9B) . Given that, in vivo, HIV-1 is thought to be transmitted to a significant extent at cell-cell junctions, at virological synapses, should one thus expect that K41 would not affect virus release, or that it would even enhance virus spread in intact tissue, e.g., in lymph nodes, where synaptic transmission may be prevalent? The more likely scenario is that treatment with K41-like antitetraspanin antibodies would also be detrimental to HIV-1 spread under those circumstances, as tetraspanins have been demonstrated to prevent fusion of producer and target cell (16) . Such fusion inhibition is critical for the sustained spread of viruses such as HIV-1, because the formation of syncytia that include producer and target cells most likely provides a dead end to virus replication. Finally, we surmise that influenza virus, which is released from free surfaces of infected cells (for a recent review, see reference 34), may not be affected by antitetraspanin antibodies, as it may have evolved to exit through microdomains built with a different set of cellular proteins. However, to the best of our knowledge, this has not yet been systematically analyzed.
In conclusion, we found that HIV-1 and influenza virus utilize distinct and separate plasma membrane microdomains for their egress. The composition of these sites appears tailored to the needs of these two enveloped viruses with HIV-1, but not influenza virus, being gated through areas enriched in tetraspanins including CD9 and CD63. Presumably, these sites ensure efficient transmission of HIV-1 particles to the target cell, thus allowing for rapid systemic spread of this virus. 
